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LITHIUM ION BATTERY HAVING AN IMPROVED CONSERVED PROPERTY AT 

A HIGH TEMPERATURE 

Technical Field 

5 The present invention relates to a cathode for a battery 
connprising a cathode additive for inproving storage 
properties at a high ternperature , and a lithium ion battery 
comprising the same, 

10 Background Art 

In general, a lithium ion battery is used at a high drive 
voltage (0 to 5V) . Therefore, when a lithium ion battery is 
exposed under a high temperature (40*^0) for a long time after 
being charged completely, self -discharge may occur due to a 

15 high voltage difference between a cathode and an anode. 
Additionally, a cathode has reactivity to a non-aqueous 
electrolyte so that deconposition may be generated and thus 
the capacity of a battery may decrease and the impedance of a 
battery may rapidly increase. This has been one of the most 

20 serious problems of lithium ion batteries. 

To solve this, many attempts have been made to decrease the 
reactivity of an electrode to an electrolyte by adding a 
small amount of additives to an anode, an electrolyte or a 
cathode, or by appling a coating layer formed of inorganic 

25 materials or organic materials on the powder surface of a 

cathode or an anode. Additionally, Japanese Patent Laid-Open 
No. 98-255839 discloses that alkaline earth metal hydroxides 
are partially incorporated into a cathode active material to 
prevent reduction of battery capacity after storage at a high 

3 0 temperature . 
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However, there is no description with regard to the 
incorporation of any other metal hydroxides except for 
alkaline earth metal hydroxides in a cathode active material, 
for the purpose of improving storage properties of a battery 
5 at a high temperature. 

Further, although metal hydroxides are good additives for 
improving storage properties of a battery at a high 
temperature, metal hydroxides are nonconductors by nature. 
Accordingly, if metal hydroxides are added to cathode active 

10 materials in an excessive amount, they may decrease battery 
capacity and degrade storage properties of a battery at a 
high temperature. Additionally, because metal hydroxides are 
not capable of lithium ion intercalation/ deintercalation, 
increase of the amount of metal hydroxides added to a cathode 

15 of a battery results in decrease of the amount of a cathode 
active material that may be incorporated into the cathode, 
thereby causing decrease of battery capacity. Therefore, in 
order to minimize decrease of battery capacity, it is 
necessary to minimize the amount of metal hydroxides added to 

20 a cathode of a battery. However, it has remained undiscovered 
heretofore that the specific surface area of a metal 
hydroxide added to a cathode of a battery is related with 
storage properties of a battery at a high temperature, and 
that a small amount of metal hydroxide may be used to improve 

25 storage properties of a battery at a high tenperature, based 
on such relationship. 

Disclosure of the Invention 

This inventors have found that storage properties of a 
30 battery at a high temperature can be improved by adding a 
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metal hydroxide to the cathode of a battery as a cathode 
additive, and such improvement is related with the specific 
surface area of powder of metal hydroxides. In other words, 
when a metal hydroxide having a large specific surface area 
5 is added to a cathode of a battery as a cathode additive, 

storage properties of a battery at a high temperature can be 
improved even if the metal hydroxide is used in a relatively 
small amount. As a result, decrease of battery capacity due 
to the addition of metal hydroxides can- be minimized. 

10 Therefore, the present invention has been made based on this 
finding, and it is an object of the present invention to 
provide a cathode for a battery comprising a metal hydroxide 
having a large specific surface area as a cathode additive, 
and a lithium ion battery comprising the same. 

15 According to an aspect of the present invention, there is 

provided a cathode for a battery comprising a metal hydroxide 
having a large specific surface area as a cathode additive. 
According to another aspect of the present invention, there 
is provided a lithium ion battery comprising a cathode, an 

20 anode and a non-aqueous electrolyte, wherein the cathode 

comprises a metal hydroxide having a large specific surface 
area as a cathode additive. 

Hereinafter, the present invention will be explained in 
detail . 

25 As described above, this inventors have found that use of a 
metal hydroxide as a cathode additive improves storage 
properties of a battery at a high tenperature, and the larger 
the specific surface area of powder of a metal hydroxide is, 
the better such improvement becomes. It is considered that 

30 this results from the effect of the surface of a metal 
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hydroxide on other substances in a battery such as an 
electrolyte. It seems that the aforesaid effect may prevent 
the generation of substances increasing battery resistance 
such as LiF, HF, etc. According to this mechanism, the effect 
5 provided by the present invention is in proportion to the 

surface area of a metal hydroxide as a cathode additive. This 
is supported by the following Examples and Comparative 
Examples . 

Therefore, according to the invention, by using a metal 
10 hydroxide having a large specific surface area as a cathode 
additive, it is possible to obtain excellent storage 
properties of a battery at a high temperature, namely to 
minimize decrease of battery capacity and to prevent increase 
of battery impedance, even if the metal hydroxide is added in 
15 a relatively small amount. As a result, a problem occurring 
in the prior art can be minimized; the problem being that 
increase of amount of a metal hydroxide added to a cathode . 
may decrease battery capacity. 

According to the present invention, the specific surface area 
20 of a metal hydroxide is 1 m^/g or more, preferably 2.5 m^/g or 
more, and more preferably 7 m^/g or more. As described above, 
the larger the specific surface area of a metal hydroxide 
used as a cathode additive is, the better the resultant 
effect is. Meanwhile, although it is preferable that the 
25 specific surface area of a metal hydroxide is as large as 
possible, the specific surface area may be limited by 
conditions of battery manufactured, methods for preparing 
metal hydroxides, etc. Considering the conditions under which 
cathode slurry is coated on an electrode collector to form a 
30 cathode, the specific surface area of the metal hydroxide is 
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preferably 100 m^/g or less. 

Examples of metal hydroxides that may be used in the present 
invention include Al(0H)3/ Mg(0H)2/ Ca(OH)2/ LiOH, NaOH, etc. 
In addition, the metal hydroxides are preferably used in an 
5 amoTont of greater than 0 wt% and not more than 10 wt%- 
Although such metal hydroxides can improve the storage 
properties of a battery at a high temperature even if they 
are added in a very small amount, adding them to a cathode in 
an amount of greater than 10 wt% may increase resistance due 

10 to the nature of metal hydroxides as a nonconductor, thereby 
decreasing battery capacity and deteriorating storage 
properties of a battery at a high temperature. Further, when 
such metal hydroxides are added to a cathode in an amount of 
greater than 10 wt%, the amount of a cathode active material 

15 capable of lithium ion intercalation/ deintercalation is 

decreased accordingly, and thus battery capacity is reduced. 
This is clearly shown in the results of the following 
Exanples 1 to 5 and Comparative Example 1. 
The cathode according to the present invention can be 

20 prepared by introducing cathode materials including a cathode 
active material and a metal hydroxide having a large specific 
surface area into a solvent, mixing them to prepare cathode 
slurry, coating the slurry on a cathode collector, and drying 
the solvent. 

25 According to the present invention, lithium- containing 

transition metal compounds may be used as a cathode active 
material. Non- limitative examples of the lithium- containing 
transition metal compounds include LiCo02, LiNiOs, LiMn204, 
LiMn02, LiCoP04, LiNii.xCOxM^Oa (wherein M = Al, Ti, Mg or Zr, 

30 0<X:^1 and 0:^Y^0.2), LiNixCo^lni^x-Y02 (wherein, 0<X^0.5 and 
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0<Y<0.5), Liiy[xM'yMn(2_x-y)04 (wherein each of M and M'=V, Cr, 
Fe, Co, Ni or Cu, 0<X<1 and 0<Y^1) , or the like. Each 
compound may be used alone or in a mixture of two or more of 
them. 

5 Further, the present invention also provides a lithium ion 
battery comprising the cathode according to the present 
invention. The lithium ion battery according to the present 
invention can be manufactured by using conventional materials 
and methods, except that the metal hydroxide having a large 

10 specific surface area is added to a cathode as a cathode 

additive. For example, the lithium ion battery of the present 
invention can be manufactured by introducing an electrode 
assembly obtained by laminating a cathode, an anode and a 
separator between the cathode and the anode into a battery 

15 casing and introducing a non-aqueous electrolyte thereto, 
according to a conventional method. 

In the battery according to the present invention, carbon, 
lithium metal or lithium alloys which are capable of lithium 
ion intercalation/ deintercalation may be used as an anode. 

20 Metal oxides capable of lithium ion 

intercalation/deintercalation and having an electric 
potential to lithium of less than 2V may be used. Examples of 
such metal oxides include TiOa, SnOa, Li4Ti50i2, etc. 
Electrolytes that may be used in the battery of the present 

25 invention may include cyclic carbonates such as ethylene 
carbonate (EC) , propylene carbonate (PC) and butylene 
carbonate (BC) , or linear carbonates such as diethyl carbonate 
(DEC) , dimethyl carbonate (DMC) , ethyl methyl carbonate (EMC) 
and methyl propyl carbonate (MPC) , but are not limited 

30 thereto. 



6 



PCT/KR2004/0 01897 

RO/KR 24.09.2004 



In order to further improve storage properties of the lithium 
ion battery at a high tenperature, at least one additive 
selected from the group consisting of the compounds of 
formila 1, formula 2, formula 3 and foarmula 4 may be added to 
5 the electrolyte: 
[formula 1] 

O 

[formula 2] 
O 

I 1 'I 

R — S — O 

^ II 

o 



[formula 3] 
O 

II 

II 

o 

[formula 4] 
O 

II 

S O R2 

O 

wherein, each of Ri and R2 is independently selected from the 
group consisting of H, a C1-C5 alkenyl group, a Ci-Cs alkyl 
group, a halogen atom, and a phenyl group and a phenoxy group 
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non-substituted or substituted with a C1-C5 alkyl group or a 
halogen atom (formulae 1,3 and 4); and 

R is a C1-C5 alkenyl group or a C1-C5 alkyl group (formula 2) . 
Compounds of f ormila 1 may include vinylene carbonate (VC) , 
5 methyl esters, etc., but are not limited thereto. 

Conpovinds of formulae 2 to 4 may include propane sultone 
(PS) , propene sultone, dimethyl sulfone, diphenyl sulfone, 
di vinyl sulfone, methanesulfonic acid, etc., but are not 
limited thereto. 

10 The electrolyte may further comprise conventional additives 
known in the art. 

The lithium ion battery may have a cylindrical shape, a 
prismatic shape, a pouch shape or a coin shape. 

15 Brief Description of the Drawings 

The foregoing and other objects, features and advantages of 
the present invention will become more apparent from the 
following detailed description when taken in conjunction with 
the accompanying drawings in which: 

20 FIG. 1 is a sectional view of a conventional coin- type 

battery (1: case side by cathode, 2: cathode collector, 3: 
case side by anode, 4: anode collector, 5: cathode, 6: anode, 
7: separator, 8: electrolyte, 9: gasket (packing) ) ; 
FIG. 2 is a schematic view showing an electrode roll to be 

25 inserted into a can, according to Example 10(1: cathode, 2: 
separator, 3: anode, 4: separator); and 

FIG. 3 is a schematic view showing a can of a prismatic 
battery used in Example 10. 

30 Best Jtode for Carrying Out the Invention 
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Reference will now be made in detail to the preferred 
embodiments of the present invention. The following examples 
are illustrative only and the scope of the present invention 
is not limited thereto. 
5 Example 1 

A coin- type battery was manufactured by using a conventional 
method. To n-methyl -pyrrol idone (NMP) as a solvent, 94.9 wt% 
of LiCo02 as a cathode active material, 0.1 wt% of Al(OH)3 
having an average particle size of O.Sjxm and a specific 

10 surface area of about 11 m^/g, 2.5 wt% of Super-P (conductive 
agent) and 2.5 wt% of polyvinyl idene fluoride (PVDF; binder) 
were added to prepare mixed slurry for a cathode. The slurry 
was coated on an Al collector to form a cathode. 
Additionally, a lithium foil was used as an anode. Further, 

15 IM of LiPFe solution in EC/EMC was used as an electrolyte, to 
which 2 wt% of vinylene carbonate (VC) and 2 wt% of PS 
(propane sultone) was added, to form a coin-type battery. 
Example 2 

Example 1 was repeated to form a coin- type battery, except 
20 that LiCo02 as a cathode active material was used in the 

amount of 94 wt% and Al(OH)3 was used in the amount of 1 wt%. 
Example 3 

Example 1 was repeated to form a coin- type battery, except 
that LiCo02 as a cathode active material was used in the 
25 amount of 93 wt% and Al (OH) 3 was used in the amount of 2 wt%. 

Example 4 

Example 1 was repeated to form a coin-type battery, except 
that LiCo02 as a cathode active material was used in the 
amount of 90 wt% and A1(0H)3 was used in the amoxont of 5 wt%. 
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Example 5 

Exanple 1 was repeated to form a coin- type battery, except 
that LiCo02 as a cathode active material was used in the 
amount of 85 wt% and Al(OH)3 was used in the amoiont of 10 wt%. 
5 Example 6 

Example 2 was repeated to form a coin-type battery, except 
that Al(OH)3 having an average particle size of 1.2 jam and a 
specific surface area of about 7 m^/g was used. 
Example 7 

10 Example 3 was repeated to form a coin-type battery, except 
that Al (OH) 3 having an average particle size of 1.2 )im and a 
specific surface area of about 7 m^/g was used. 
Example 8 

Example 2 was repeated to fo3rm a coin-type battery, except 
15 that A1(0H)3 having an average particle size of 8 ]Ltm and a 
specific surface area of about 2.5 m^/g was used. 
Example 9 

Example 3 was repeated to form a coin-type battery, except 
that Al(0H)3 having an average particle size of 8 fxm and a 
20 specific surface area of about 2.5 m^/g was used. 
Example 10 

A cathode, a porous separator and an anode were wound to form 
a rolled body, as shown in FIG. 2, and then the roll was 
inserted into a prismatic can, as shown in FIG. 3 to provide 

25 a battery to be used in this example. More particularly, to 

NMP (n-methyl-pyrrolidone) as a solvent, 92.5 wt% of LiCo02 as 
a cathode active material, 2.5 wt% of Al (OH) 3 having an 
average particle size of Sjom and a specific surface area of 
about 2.5 m^/g, 2.5 wt% of Super-P (conductive agent) and 2,5 

30 wt% of polyvinyl idene fluoride (PVDF; binder) were added to 
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prepare mixed slurry for a cathode. The slurry was coated on 
an Al collector to form a cathode. Additionally, artificial 
graphite was used as an anode active material . To NMP as a 
solvent, 95.3 wt% of artificial graphite, 0.7 wt% of Super-P 
5 (conductive agent) and 4 wt% of PVDF (binder) were added to 
form mixed slurry for an anode. The slurry was coated on a Cu 
collector to form an anode. Further, IM of LiPFe solution in 
EC/EMC was used as an electrolyte, to which 2 wt% of vinylene 
carbonate (VC) and 2 wt% of PS (propane sultone) was added. 

10 Example 11 

Example 2 was repeated to form a coin-type battery, except 
that Mg(0H)2 having an average particle size of 1.0 ^im and a 
specific surface area of about 12 m^/g was used instead of 
Al(OH)3 having an average particle size of 0.8 |im and a 

15 specific surface area of about 11 m^/g. 
Example 12 

Example 11 was repeated to form a coin-type battery, except 
that Mg(OH)2 having an average particle size of 1.5 (im and a 
specific surface area of about 6 m^/g was used. 

20 Example 13 

Example 11 was repeated to form a coin-type battery, except 
that Mg(0H)2 having an average particle size of 9 |am and a 
specific surface area of about 1.5 m^/g was used. 
Comparative Example 1 

25 Example 1 was repeated to form a coin- type battery, except 
that LiCo02 as a cathode active material was used in the 
amount of 95 wt% and Al(OH)3 was not added. 

Comparative Example 2 
Example 10 was repeated to form a battery, except that LiCo02 

30 as a cathode active material was used in the amount of 95 wt% 
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and Al(0H)3 was not added. 

Storage characteristic Test At High Tenperature 
Batteries obtained according to Examples 1 to 9 and 
Conparative Example 1 were charged at a charging current of 
5 IC to 4 . 2V and then were discharged at IC to 3V to determine 
initial discharge capacity (A) . Additionally, the batteries 
were charged to 4 . 2 V in the same manner as the above , and 

then stored at 80®C for 12 hours. After storage, the batteries 
were discharged at IC to determine residual capacity (B) . 
10 After deteirmining residual capacity, 3 cycles of 

charge/discharge were performed for each battery to determine 
recovered capacity (B) . Then, the ratio of residual capacity 

(B) to initial capacity (A) and that of recovered capacity 

(C) to initial capacity (A) were calculated to deteirmine 
15 residual capacity ratio (B/A) and recovered capacity ratio 

(C/A) , respectively. The results are shown in the following 
Tables 1 and 2 . 
[Table 1] 





METAL 
HYDROXIDE 


SPECIFIC 
SURFACE 
AREA OF 
METAL 
HYDROXIDE 


ADDED 
AMOUNT OF 
METAL 
HYDROXIDE 


RESIDUAL 
CAPACITY 
RATIO 
(%) 


RECOVERED 
CAPACITY 
RATIO 
(%) 


Ex. 2 


Al (OH) 3 


11 m^/g 


1 Wt% 


92.3 


97.1 


Ex, 3 


Al (OH) 3 


11 mVg 


2 Wt% 


93.7 


98.1 


Ex. 6 


Al (OH) 3 


7 mVg 


1 Wt% 


90.3 


93.5 


Ex. 7 


Al (OH) 3 


7 mVg 


2 Wt% 


92,0 


95.2 


Ex. 8 


Al (OH) 3 


2 . 5m^/g 


1 wt% 


89.6 


93.2 


Ex. 9 


Al (OH) 3 


2 . 5m^/g 


2 wt% 


91.7 


95.5 


Ex. 11 


Mg (OH) 2 


12 m^/g 


1 wt% 


91.1 


95.4 


Ex. 12 


Mg (OH) 2 


6 mVg 


1 wt% 


91.0 


94.1 
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Ex. 13 


Mg (OH) 2 


1 . Sm^/g 


1 wt% 


89.5 


93.6 


Conp. Ex. 1 








88.4 


92.2 



As can be seen from Table 1, a battery corrprising Al(0H)3 
(Exanples 2, 3, 6, 1, 8 and 9) shows improved residual 
capacity ratio and recovered capacity ratio compared to those 
5 of a battery comprising no Al(0H)3 (Comparative Example 1) . 

Also, a battery comprising 2 wt% of Al(OH)3 (Examples 3, 7 and 
9) shows residual capacity ratio and recovered capacity ratio 
greater than those of a battery comprising 1 wt% of Al (OH) 3 
(Examples 2, 6 and 8) . 

10 When batteries comprising the same amount of Al (OH) 3 (Examples 
2, 6 and 8; and Examples 3, 7 and 9) are compared, the larger 
the specific surface area of Al (OH) 3 is, the greater the 
residual capacity ratio and the recovered capacity ratio are. 
This shows that the action of Al (OH) 3 is accomplished on the 

15 powder surface. Practically, Exanple 8 using Al(OH)3 having 

the smallest specific surface area shows little difference in 
terms of residual capacity ratio and recovered capacity ratio 
conpared to Comparative Exanple 1 using no Al (OH) 3 . 
Similarly, when Mg (OH) 2 is used as a cathode additive instead 

20 of Al(OH)3 (Examples 11 to 13), residual capacity ratio and 
recovered ratio are improved compared to Comparative Example 
1 using no cathode additive. Additionally, the larger the 
specific surface area of Mg(OH)2 is, the greater the residual 
capacity ratio and the recovered capacity ratio are. 

25 Therefore, it is preferable to use powder having a relatively 
large specific surface area in order to obtain maximized 
effect in terms of storage properties of batteries at a high 
temperature by adding metal hydroxides which are not capable 
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of lithium intercalation/deintercalation, while minimizing 
decrease of battery capacity. 
[Table 2] 





METAL 
HYDROXIDE 


SPECIFIC 
SURFACE 
AREA OF 
METAL 

HYDROXIDE 


ADDED 
AMOUNT OF 
METAL 
HYDROXIDE 


RESIDUAL 
CAPACITY 
RATIO 
(%) 


RECOVERED 
CAPACITY 
RATIO 
(%) 


Ex. 1 


Al (OH) 3 


11 mVg 


0.1 Wt% 


91.7 


94.6 


Ex. 2 


Al (OH) 3 


11 mVg 


1 Wt% 


92.3 


97.1 


Ex. 3 


Al (OH) 3 


11 mVg 


2 wt% 


93 .7 


98.1 


Ex. 4 


Al (OH) 3 


11 m^/g 


5 wt% 


93.2 


96.2 


Ex. 5 


Al (OH) 3 


11 m^/g 


10 wt% 


88.0 


91.4 


Cortp. Ex. 1 








88.4 


92.2 



5 

Table 2 shows the results of residual capacity ratio and 
recovered capacity ratio varied with added amounts of Al (OH) 3 
having a specific surface area of about 11 m^/g. As can be 
seen from Table 2, a battery comprising 0.1 wt% of Al(OH)3as 

10 a cathode additive (Example 1) , residual capacity ratio and 
recovered capacity ratio are greater than those of a battery 
comprising no Al(0H)3 (Conparative Example 1) , Further, a 
battery comprising 5 wt% of Al (OH) 3 (Example 4) shows residual 
capacity ratio and recovered ratio greater than those of a 

15 battery according to Comparative Example 1. However, a 
battery comprising 10 wt% of Al(OH)3 (Example 5) shows 
residual capacity ratio and recovered ratio smaller than 
those of a battery according to Conparative Exarrple 1. 
Therefore, according to the present invention, it is 

20 preferable to use Al (OH) 3 as a cathode additive in an amount 
of not smaller than 0.1 wt% and less than 10 wt%. 
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In order to evaluate storage properties of batteries at a 
high temperature for batteries obtained by Exanple 10 and 
Conparative Example 2, prismatic batteries were used to 
perform a storage property test in a similar manner to the 
5 above -described test. The batteries were charged at a 

charging current of IC to 4 . 2V, and then discharged at IC to 
3V to determine initial discharge capacity (A) . Then, the 
batteries were charged again to 4 , 2V in the same manner as 
the above, and AC impedance of each battery was measured (AC 

10 impedance before storage at a high temperature) . AC impedance 
is a measure for checking battery performance. Before storage 
at a high temperature, the values of AC impedance were 
similar in the case of Example 10 and Comparative Example 2, 
the values being about 60 mohm. 

15 Additionally, after the batteries were stored at 80°C for 10 
days, AC impedance of each battery was measured and each 
battery was discharged at IC to determine residual capacity 
(B) . After determining residual capacity, 3 cycles of 
charge/discharge were performed for each battery to determine 

20 recovered capacity (B) . Then, the ratio of residual capacity 

(B) to initial capacity (A) and that of recovered capacity 

(C) to initial capacity (A) were calculated to determine 
residual capacity ratio (B/A) and recovered capacity ratio 
(C/A) , respectively. The results are shown in the following 

25 Table 3. Further, after storage at a high temperature, AC 
inpedance values were compared. 
[Table 3] 







SPECIFIC 


ADDED AMOUNT 
OF METAL 
HYDROXIDE 


RESIDUAL 


RECOVERED 


AC IMPEDANCE 






SURFACE AREA 


CAPACITY 


CAPACITY 


AFTER STORAGE 




HYDROXIDE 


OF METAL 


RATIO 


RATIO 


AT HIGH 






HYDROXIDE 


(%) 


(%) 


TEMPERATURE 



15 



PCT/KR2004/001897 

RO/KR 24.09.2004 















(mohm) 


Ex. 10 


Al (OH) 3 


2.5 mVg 


2.5 wt% 


74 


79 


120 


Conp. 
Ex. 2 








69 


73 


390 



As can be seen from Table 3, when Al(OH)3 is added to a 
cathode of a battery (Exanple 10) , it is possible to prevent 
increase of AC inpedance after storage at a high tenperature , 
5 and to irnprove residual capacity ratio and recovered capacity 
ratio corrpared to Conparative Exanple 2 using no Al(OH)3. 

Industrial Applicability 

As can be seen from the foregoing text, according to the 
10 present invention, a metal hydroxide having a large specific 
surface area is added to a cathode of a battery as a cathode 
additive. Accordingly, it is possible to inprove storage 
properties of a battery at a high tenperature by using a 
metal hydroxide in a relatively small amount compared to the 
15 prior arts, thereby minimizing decrease of battery capacity 
due to increase of metal hydroxide addition. 
While this invention has been described in connection with 
what is presently considered to be the most practical and 
preferred embodiment, it is to be understood that the 
20 invention is not limited to the disclosed embodiment and the 
drawings, but, on the contrary, it is intended to cover 
various modifications and variations within the spirit and 
scope of the appended claims. 
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